Introduction {#S1}
============

Running is the most convenient way to exercise intensely. People can improve their mental and physical health, as well as their physical fitness. Running even a few minutes per day is associated with reduced risks of cardiovascular disease ([@B22]). To attain beneficial physiological adaptation, exercisers have to practice regularly. It appears that higher amounts of physical activity provide greater health benefits ([@B31]); however, there is no consensus on the upper limits of intensity, frequency, and duration to exercise in an optimal way. In recent decades, a new behavioral addiction called "Exercise Addiction" (EA) has been observed when exercisers overtrain and consequently suffer severe withdrawal symptoms if they cannot exercise ([@B21]). Increasing workout or training times often ignores fatigue and also increases the risk of sometimes irreversible physical injuries. Although evidence of EA exists, it is not referenced in the latest (fifth) edition of the *Diagnostic and Statistical Manual of Mental Disorders* ([@B2]). Its criteria are not well established, appropriate studies in the field are lacking, and incidence of EA is currently understood to be rare ([@B38]).

The number of amateur exercisers is increasing year by year. Some become so involved with the sports activity they are doing that the exercise slowly becomes compulsive; they feel an irresistible impulse to continue exercising, despite personal affects like fatigue, injury, or illness ([@B14]; [@B18]). It is not fully evident how to distinguish normal amounts of exercise from excessive exercise. Hausenblas and Downs ([@B15]) developed a screening scale based on a modification of the criteria for substance dependence. If an individual shows three or more of the indicators (such as tolerance, withdrawal, lack of control, intention effect, time, reduction in other activities, and continuance), there is cause for concern. This psychometric instrument is widely used in research studies and has been validated in several countries. In this study, we use the term addiction instead of terms such as "dependence," "compulsive," "excessive," "obligatory," or "exercise abuse," as they elude to the same phenomenon ([@B3]; [@B37]; [@B38]).

EA is very complex and its emergence is still not yet clearly determined. It can manifest as a primary symptom (when EA is the main problem) or it can be a secondary symptom where EA develops as a consequence of the primary problem of an individual, for example, eating disorders, body image disorders, or weight control dysfunction ([@B13]; [@B41]). Generally, regular exercise has a positive impact on an individual's mental health, but in its addictive form, it is often associated with psychological distress ([@B23]) and sociocultural factors ([@B1]; [@B8]). Kotbagi, Morvan, Romo, and Kern ([@B19]) indicated that EA can serve as a short-term coping strategy to relieve negative affective states or to avoid negative emotions. We assume that people who are feeling isolated and lonely are looking for activities that can give them pleasure. Running is a sport activity that can be executed alone or in groups, but individuals suffering from loneliness (perceived social isolation or possibly lack of social reward) are more prone to unhealthy behaviors, presumably including unhealthy exercise behavior.

When evaluating the risk of EA, it is essential to measure the exercise characteristics. To date, there are still insufficient studies that assess the association between being at risk of EA in amateur runners and key parameters, such as number of years spent running activity, time spent training a week, workout distance, historical sports activity (past positive experience with exercise), and demographic and psychological factors. Therefore, studying risk of EA and its related factors from a multidimensional perspective in amateur runners can provide more insights to this behavioral problem. Amateur runners are considered as those who engage in running as a recreational activity and are not involved in international professional sports (although taking part in competitions was not an excluding factor). The main objective of this study is to find the prevalence of risk of EA and the effect of exercise characteristics, demographics, and psychological features on the probability of being at risk of EA.

Methods {#S2}
=======

Participants and procedure {#S2a}
--------------------------

Participants were contacted via two Hungarian community websites for runners ("cross-country race" and "running mates") during a 2-month period in the summer of 2017. They received an e-mail invitation with access to an online questionnaire. All responses were anonymous and no personally identifiable information was requested. The inclusion criteria were: (a) to be at least 18 years of age, (b) physically active for at least 2 years in running on an amateur level, and (c) not an active athlete of the Hungarian National Athletics Association. The questionnaire took approximately 25--30 min to complete.

Measures {#S2b}
--------

### Demographics {#S2b1}

Demographic items captured participants' sex, age, educational level, and financial situation.

### Exercising activity {#S2b2}

Participants reported how long they had been running and how much time they spent running per week. Total weekly training time was categorized in intervals of 1--2, 3--4, 5--7, 8--10, and \>10 hr. Participants indicated their mean workout distance per session, childhood physical activity, and whether they were engaged in other sports activities.

### Exercise addiction (EA) {#S2b3}

It was measured using the Exercise Dependence Scale -- Revised ([@B15]). The authors revised the factorial structure of the original 42-item scale into 21 items ([@B9]). These items were rated on a 6-point Likert scale ranging from 1 (*never*) to 6 (*always*), with three items per subscale (i.e., seven factors or subscales). A higher score indicates more exercise dependent symptoms. The scale allows both interval data and nominal categorization. For categorization, a scoring syntax file was developed by the authors. Individuals scoring 5 or 6 out of the seven DSM-IV criteria (tolerance, withdrawal effects, intention, lack of control, reduction in other activities, time, and continuance) were classified as at risk of EA, whereas those scoring in the range of 3--4 were classified as non-dependent symptomatic, and scores of 1--2 are categorized as non-dependent asymptomatic. The Exercise Dependence Scale -- Revised has a psychometrically validated Hungarian version ([@B27]). Its psychometric properties are: χ^2^ = 351.9, *df* = 168, *p* \< .0001; CFI = 0.938; TLI = 0.922; RMSEA = 0.049 \[0.042--0.056\]; Cfit = 0.590; SRMR = 0.052). In our work, we used this version of the scale. In this study, the internal consistency of the scale was determined with Cronbach's α (α = .903).

### Overall life satisfaction {#S2b4}

It was evaluated with the Cantril ladder on a scale of 1--10, where 1 represented the worst possible life satisfaction and 10 described the best ([@B5]). It measured how satisfied the individuals were with their life as a whole.

### Eating disorders {#S2b5}

These were screened using the 5-item SCOFF questionnaire (S = sick, C = control, O = one stone, F = fat, F = food) One point was assigned for every "*yes*" response. A score greater than two indicated a possible case of anorexia, bulimia nervosa, or binge eating ([@B28]). The questionnaire was adapted for Hungarian usage ([@B11]). The internal consistency of the short questionnaire was adequate in our sample (α = .702).

### Loneliness {#S2b6}

The UCLA 3-item Loneliness Scale was applied to evaluate runners' loneliness. This scale comprised three questions that measured three dimensions of loneliness: relational connectedness, social connectedness, and self-perceived isolation. The scale used three response categories: (a) hardly ever, (b) some of the time, and (c) often. Scores were summed and a higher score indicated more loneliness ([@B16]). The internal consistency of the inventory was good in our sample (α = .845).

### Body shape concerns {#S2b7}

Body Image Subscale was used from the Body Investment Scale to evaluate the participants' feelings and attitudes toward their body ([@B32]). The six items are on a 5-point Likert scale and range from 1 (*I do not agree at all*) to 5 (*I strongly agree*). Mean scores were calculated and higher scores indicated more positive views of the body. The scale was adapted for Hungarian usage ([@B7]). The internal consistency of scale was good in our sample (α = .922).

### Emotional profile {#S2b8}

Depression, anxiety, and stress were evaluated using the DASS-21, which quantifies distress along the dimensions of depression (seven items), anxiety (seven items), and stress (seven items; [@B24]). Respondents indicated on a 4-point scale the extent to which each of 21 statements applied over the previous week with 0 (*did not apply at all*) to 3 (*applied very much or most of the time*). Higher scores on each subscale indicated increasing severity of depression, anxiety, or stress. The internal consistency of subscales in our sample was α = between .736 and .888.

### Anthropometry {#S2b9}

Body mass index (BMI) was calculated from self-reported height and weight according to the Adolphe Quetelet formula: body weight (kg)/height (m^2^).

Statistical analyses {#S2c}
--------------------

Statistical Package for the Social Sciences (IBM SPSS Statistics, version 24.0 for Windows, Armonk, NY, USA) was used for data analyses. Significance level was set at *p* ≤ .05. Descriptive statistics (percentages, frequencies, means, and standard deviations) were used to present all variables. Cronbach's αs were calculated to determine internal consistency of scales used in the study. A multinomial logistic regression analysis was performed to find explanatory variables of risk of EA.

Variables in the model {#S2d}
----------------------

Dependent variables measured exercise dependence symptoms on three levels: non-dependent asymptomatic, non-dependent symptomatic, and at risk of EA.

Independent variables included categorical (gender, educational level, financial situation, childhood physical activity, eating disorders, and other sports activity besides running) and continuous variables (age, BMI, duration of running activity, weekly time spent running, mean workout distance per session, body image, perceived health, life satisfaction, loneliness, stress, anxiety, and depression).

Analysis of variance (ANOVA) with Tukey's post hoc test was performed to find differences among three groups in subscales and items of Exercise Dependence Scale (EDS).

Ethics {#S2e}
------

The Regional Ethic Committee and the institutional review board of the University of Miskolc approved the study. According to the criteria of the Helsinki Declaration on Consent to Research and Clinical Practice, information was provided to participants about the study, its anonymity, and the voluntary nature of the participation at the beginning of the questionnaire. Participants were then required to provide their consent (trough click), which acknowledged that they had read and understood the information and agreed to take part in the study.

Results {#S3}
=======

Participants' characteristics {#S3a}
-----------------------------

A total of 285 runners completed the questionnaire. Five were incomplete and thus deleted, 16 runners did not meet the criteria of having exercised for at least 2 years or provided no data about it. Two were less than 18 years of age, and an additional five were eliminated due to BMI below 17.5 (which is the diagnostic criterion for anorexia nervosa; [@B2]). If an eating disorder is detected, the EA may be a secondary condition. Respondents represented all geographical and economic parts of the country. Demographic data are presented in Table [1](#T1){ref-type="table"}.

###### 

Descriptive statistics of the participants

  Mean (*SD*) and frequency                          Participants
  -------------------------------------------- ------------------------
  Sample size                                            257
  Age (years)                                        40.49 (8.99)
  BMI                                                23.89 (3.28)
  Sex ratio (%)                                
   Male:female                                        51.1:48.9
  Socioeconomic background (%)                 
   Below average:average:above average              5.2:77.7:17.2
  Educational attainment (%)                   
   Elementary:high school:higher education           0:38.2:61.8
  Weekly amount of training sessions (%)       
   1--2:3--4:5--7:8--10:10+ hr                  6.3:37.9:34.0:12.1:9.8
   Running activity (years)                         13.18 (12.42)
  Other sport activities besides running (%)   
   Yes:No                                             70.8:29.2
  Childhood physical activity (%)^a^           
   Yes:no                                             50.2:49.8

*Note. SD*: standard deviation.

Yes: to be engaged in regular sports; no: not to be engaged in regular sports.

Prevalence of risk of EA in amateur runners {#S3b}
-------------------------------------------

The prevalence of risk of EA was 8.6%, whereas 53.6% of respondents were characterized non-dependent symptomatic and 37.8% non-dependent asymptomatic.

Predicting the likelihood of categorization for EA {#S3c}
--------------------------------------------------

A multinomial logistic regression was employed to analyze the association between the polychotomous categorical (EA group classification, such as non-dependent asymptomatic, non-dependent symptomatic, and at risk group for EA) and a set of explanatory variables. The reference category for the outcome variable was "non-dependent asymptomatic" and each of the other two categories was compared to this reference group. The logistic model was statistically significant, χ^2^(36) = 193.38, *p* \< .001. The distribution of Cox and Snell *R*^2^ (.358) and Nagelkerke *R*^2^ (.427) suggests that between 35.8% and 42.6% of the variance is explained by the set of variables used in this model and 68.7% of cases were correctly classified. The likelihood ratio tests indicated that five factors (weekly time spent running, childhood physical activity, educational attainment, anxiety, and loneliness) contributed meaningfully to the full effect (Table [2](#T2){ref-type="table"}).

###### 

Multinomial logistic regression predicting likelihood of exercise addiction (*N* = 257)

  For at risk group                     *B* (*SE*)    95% CI for OR                  
  ------------------------------------- ------------- --------------- ------ ------- --------
  Duration of weekly training session   1.43 (0.39)   1.93            4.17   8.99    \<.001
  Childhood sport activity (1)^a^       2.06 (0.78)   1.71            7.86   36.20   .008
  Educational level (3)^b^              1.97 (0.72)   1.76            7.17   29.26   .006
  Anxiety                               0.47 (0.21)   1.07            1.61   2.42    .023
  Loneliness                            0.79 (0.27)   1.29            2.21   3.78    .004

*Note. SE*: standard error; CI: confidence interval; OR: odds ratio.

^a^Childhood sport activity: (1): to be engaged in regular sports. ^b^Educational level: (3): higher education (college or university degree).

Participants' attitude toward running {#S3d}
-------------------------------------

The analysis of the subscales of EDS suggested that runners from all groups found it important to continually increase exercise intensity, frequency, and duration \[Tolerance subscale (3.71, *SD* = 1.28, 95% CI = 3.55--3.87)\] and to spend a significant amount of time engaging in exercise \[Time subscale (3.09, *SD* = 1.11, 95% CI = 2.96--3.23\]). We observed that the at risk group scored higher on the Lack of Control subscale (4.90, *SD* = 0.76, 95% CI = 4.57--5.23) and therefore these runners were less able to control the urge to exercise or to stop exercising for a significant time. All investigated groups showed fewer problems on the Intention subscale (exercising longer than intended, expected, or planned; 2.39, *SD* = 1.10, 95% CI = 2.25--2.52) and the Reduction in Other Activities subscale (choosing or thinking about exercise rather than spending time with family, friends, or concentrating on school or work; 1.90, *SD* = 0.82, 95% CI = 1.80--2.00).

The ANOVA with Tukey's post hoc test revealed that all three groups significantly differed from each other in all subscales (Table [3](#T3){ref-type="table"}) and in almost all items except Item 2 (*I exercise despite recurring physical problems*) and 19 (*I choose to exercise so that I can get out of spending time with family/friends*) between symptomatic and at risk groups.

###### 

One-way ANOVA for EDS subscales

  Subscales   Non-dependent asymptomatic   Non-dependent symptomatic   At risk of exercise addiction   *F* test      *η~p~*^2^                                                  
  ----------- ---------------------------- --------------------------- ------------------------------- ------------- ----------- ------ ------------- ------ ------ ----------- ------
  To          2.83 (1.14)                  2.61                        3.06                            4.11 (1.01)   3.94        4.28   5.06 (0.88)   4.68   5.44   63.053\*    .365
  Ti          2.43 (0.86)                  2.26                        2.61                            3.29 (0.94)   3.13        3.45   4.74 (0.79)   4.40   5.08   68.147\*    .371
  C           2.21 (1.04)                  2.00                        2.42                            3.22 (1.12)   3.03        3.41   4.28 (1.41)   3.67   4.88   41.578\*    .304
  L           1.86 (0.72)                  1.71                        2.00                            3.11 (0.80)   2.98        3.24   4.90 (0.76)   4.57   5.23   171.509\*   .587
  W           2.03 (0.98)                  1.83                        2.22                            3.00 (1.31)   2.78        3.22   4.00 (1.48)   3.36   4.64   32.757\*    .222
  I           1.73 (0.71)                  1.59                        1.87                            2.59 (0.94)   2.43        2.75   3.92 (1.33)   3.34   4.50   61.963\*    .360
  R           1.39 (0.40)                  1.31                        1.47                            2.08 (0.74)   1.96        2.21   3.01 (1.03)   2.57   3.46   65.249\*    .386

*Note.* To: Tolerance; Ti: Time; C: Continuance; L: Lack of Control; W: Withdrawal; I: Intention Effect; R: Reduction; *M*: mean; *SD*: standard deviation; L: lower bound; U: upper bound; EDS: Exercise Dependence Scale; ANOVA: analysis of variance; CI: confidence interval.

\**p* \< .001.

Discussion {#S4}
==========

In this study, amateur runners were assessed based on a validated and widely used multidimensional scale, that is, the EDS categorization. The prevalence of runners at risk of EA was moderate (8.6%) in this study. The result provides some evidence that this problem exists, but to date it is not as extensive as other behavioral addictions ([@B36]). The prevalence rate is greatly varied across the studies ([@B12]) and this discrepancy might possibly be related to both different questionnaires being used in the studies ([@B40]) and to the differences in the investigated populations, such as students ([@B35]), competitive athletes ([@B4]), or recreational exercisers ([@B25]). Population-based studies showed a very low prevalence of 0.09%--0.30% in the general population ([@B27]; [@B30]). In this study, we focused specifically on the physically active adult population with at least 2 years of prior running activity. All participants were amateur runners and the male to female ratio was well-balanced in our sample.

The etiology of EA is undoubtedly multifactorial. In this study, psychological aspects (anxiety and loneliness), exercise characteristics (time spent training and childhood physical activity), as well as a demographic factor (educational level) regressed EA.

It is well known that EA can cause psychological distress. Exercisers often feel anxiety when they cannot exercise for any reason. In addition to anxiety, we found loneliness as an explanatory variable. It should not be surprising that athletes generally run alone and find this privacy pleasurable, but being alone does not necessarily mean being lonely (Presumably, personality traits have an impact on the type of sport activity the person chooses.). A systematic review was uncertain about the relationship between physical activity and loneliness. On one hand, it found that physical activity can contribute to a decrease in loneliness and on the other hand there was some evidence that physical inactivity may lead to feelings of loneliness over time ([@B33]). As sports psychology literature on loneliness is scarce, future research is needed to understand the influence of loneliness the development of risk of EA. Although Menczel ([@B26]) did not evaluate the loneliness factor, she observed that athletes exercising alone show more symptoms of EA than those involved in team sports. However, another study failed to disclose differences in EA between individual and team exercisers ([@B20]). Logically, our findings support the theory that lonely exercisers use the sport activity as a source of joyfulness and happiness. To deal with both anxiety and loneliness, exercisers increase the time or volume of sport activity as they need more and more to achieve this feeling. It is noteworthy that exercising excessively is not necessarily maladaptive. Elite athletes perform their training with great volume and intensity, but are not at risk of EA. If they were, they would not be able to compete at a high level. Thus, the results of the instrument used among elite athletes ([@B38]) must be interpreted with caution when considering amateur athletes. We think this sport-specific factor should be taken into consideration in future investigation of amateur/recreational runners evaluating the risk for EA.

One interesting and novel finding is that childhood engagement in sport activity predicts the likelihood of EA. The health benefits of regular physical activity are well established and it is also well known that childhood physical activity has benefits in later life ([@B17]) and predicts adult physical activity ([@B39]). The effect of childhood engagement in sport activity on EA needs deeper research. A theoretical approach to this relationship may include the adolescent population (both girls and boys), which may also show symptoms of EA. Downs, Savage, and DiNallo ([@B10]) found that the majority of physically active youth was within the symptomatic range suggesting that many adolescents show early signs of exercise pathology that can lead to the development of EA later in life among the physically active population.

In our adult sample, all had high-school education and a majority (\~60%) had completed their higher education degree. Lower education level is a predictor of EA. It is likely that studying at universities or colleges improves skills to deal with emotional distress and coping mechanisms, which in turn can prevent behavioral disturbance and presumably several other problems ([@B26]).

There are some limitations in this study that must be acknowledged. Our survey is voluntary and response-based. The self-report EDS provides risk score and at risk categorization and not a clinical diagnosis. Although participants are from different parts of Hungary, representing all geographical and economic regions, non-respondents might differ from the respondents, which can limit the generalizability of the findings. Childhood physical activity, one of our predictors, is measured with a single item instead of a validated scale. It is supposed that a single-item measure can be used and is appropriate when the construct is narrow and unambiguous to the respondents ([@B6]). Because of the cross-sectional design of this study, we cannot establish either the direction or the causality of the effects.

Conclusions and Implications {#S5}
============================

The present findings add to the studies that focus on risk of EA using multidimensional approach in amateur athletes. Physical activity recommendations and guidelines indicate that a high volume of physical activity needs to be performed every day for school-aged children and young adults ([@B17]). Given that regular physical exercise has several health benefits, it seems controversial that higher amounts of weekly workout and childhood sports activity predict EA. While examining risk of EA, it is important to consider the possible comorbidities and psychosocial problems of the individual. It is supposed that inactive youth will likely remain inactive in adulthood; they will not be engaged in sport activity in later life and never will face risk of EA. As long as the main public health concern is the physical inactivity, the guidelines will not focus on rare behavioral problems such as EA. Anxiety and loneliness are two other predictors of EA important to consider. Loneliness is a predictor of anxiety. Both feelings of loneliness and isolation are a cause and a symptom of anxiety ([@B29]). Lonely individuals try to reduce their anxiety with sport ([@B34]) and spending time by themselves. Running seems to be an optimal sport for them, but they may need more and more workouts to feel better. Future investigations should extend to other types of sports to examine these findings.

Risk of EA occurs among amateur runners, but research studies have contradictory findings as it relates to influencing and predicting factors, presumably due to the varying methods and investigated populations. To date, it is difficult to give unequivocal answers to the real reasons of the development of risk of EA. For prevention and treatment of this phenomenon, a methodologically well-established and longitudinal research program should address the issue. Nonetheless, we believe that our multidimensional research study contributes to the overall knowledge related to EA.

The study was carried out as part of the EFOP-3.6.1-16-00011 "Younger and Renewing University -- Innovative Knowledge City -- institutional development of the University of Miskolc aiming at intelligent specialisation" project implemented in the framework of the Szechenyi 2020 program. The realization of this project is supported by the European Union, co-financed by the European Social Fund.
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